Introduction
============

Multiple myeloma is a malignant proliferation of plasma cells originating from a single clone. The characteristic signs of myeloma include bone pain, hypercalcemia, anemia, renal failure, and hyperviscosity syndrome.[@b1-tcrm-11-683]

The retinal findings in hyperviscosity syndrome are common retinal hemorrhages, microaneurysms, venous dilatation and tortuosity, and white-centered hemorrhages.[@b2-tcrm-11-683] Serous macular detachment has been reported in a few cases in patients with multiple myeloma.[@b3-tcrm-11-683]--[@b5-tcrm-11-683] Ho et al first reported serous macular detachment with or without subretinal precipitates or fundus signs of serum hyperviscosity in one patient with multiple myeloma, one patient with Waldenstrom's macroglobulinemia, and one patient with benign polyclonal gammopathy.[@b3-tcrm-11-683] Rusu et al reported observation of associated serous detachment in four patients, three with multiple myeloma, and one with light-chain deposition disease.[@b5-tcrm-11-683]

Here, we describe a rare case that presented as sudden vision loss and was diagnosed as multiple myeloma in which hyperviscosity retinopathy, serous macular detachment, yellow macular deposits, prominent middle limiting membrane (MLM), and Roth spots (white-centered hemorrhages) at the outer plexiform layer were evaluated by spectral-domain optical coherence tomography (SD-OCT), enhanced depth imaging OCT (EDI-OCT), fundus fluorescein angiography (FFA), and fundus autofluorescence.

Case report
===========

A 52-year-old male patient was admitted to our eye clinic with the complaint of sudden visual loss. Best-corrected visual acuity (BCVA) was 20/50 in the right eye and 20/800 in the left eye. Intraocular pressure, anterior segment examination, and the pupillary light reflex were normal. Fundus examination in both eyes revealed scattered flame-shaped hemorrhages, Roth spots, venous dilatation and tortuosity, and serous macular detachment ([Figure 1A and B](#f1-tcrm-11-683){ref-type="fig"}). FFA revealed scattered microaneurysms and hypofluorescent areas but no macula leakage ([Figure 1C and D](#f1-tcrm-11-683){ref-type="fig"}). SD-OCT revealed a central macular thickness of 329 µm in the right eye and 705 µm in the left eye, the presence of serous macular detachment ([Figure 1E and F](#f1-tcrm-11-683){ref-type="fig"}), small cystic spaces within the outer plexiform layer, and prominent MLM ([Figure 1F](#f1-tcrm-11-683){ref-type="fig"}). EDI-OCT revealed a choroidal thickness of 347 µm in the right eye and 421 µm in the left eye.

The patient was referred to the hematology clinic. The mean blood test results were hemoglobin (HGB) level 4.3 g/dL, hematocrit (HCT) level 13.3%, white blood cell count (WBC) 2.9×10^3^/mm^3^, platelet (PLT) count 23.0×10^3^/mm^3^, C-reactive protein (CRP) level 12.5 mg/L, immunoglobulin G (IgG) level 4,310 mg/dL, kappa light chain level 3.52 mg/dL, lambda light chain level 58 mg/dL, and micrototal protein 467.6 mg/dL. Serum and urine immunofixation electrophoresis revealed the presence of monoclonal IgG lambda and monoclonal lambda bands. After hematology consultation confirmed a diagnosis of multiple myeloma, chemotherapy and plasmapheresis were initiated.

One month after presentation, BCVA was 20/32 in the right eye and 20/100 in the left eye. Fundus examination revealed a reduction in retinal hemorrhages and Roth spots and the presence of bilateral oval-to-round, yellow-to-orange deposits in the center of the macula ([Figure 2A and B](#f2-tcrm-11-683){ref-type="fig"}). FFA showed a decrease in microaneurysms and no macula leakage in both eyes ([Figure 2C and D](#f2-tcrm-11-683){ref-type="fig"}). SD-OCT revealed a central macula thickness of 299 µm in the right eye and 448 µm in the left eye, a decrease in serous macular detachment, and the presence of subretinal hyperreflective deposits in both eyes ([Figure 2E and F](#f2-tcrm-11-683){ref-type="fig"}). The yellow deposits observed in both eyes appeared hyperautofluorescent on fundus autofluorescence ([Figure 2G and H](#f2-tcrm-11-683){ref-type="fig"}). EDI-OCT revealed choroidal thickness of 298 µm in the right eye and 383 µm in the left eye.

Two months after presentation, BCVA was 20/20 in the right eye and 20/32 in the left eye. Fundus examination revealed a complete reduction in retinal hemorrhages and Roth spots, a decrease in yellow macular deposits ([Figure 3A and B](#f3-tcrm-11-683){ref-type="fig"}), and complete resolution of microaneu-rysms in both eyes ([Figure 3C and D](#f3-tcrm-11-683){ref-type="fig"}). SD-OCT revealed central macular thickness of 268 µm in the right eye and 340 µm in the left eye, minimal serous macular detachment in the left eye, a decrease in subretinal hyperreflective deposits, and the complete disappearance of cysts in the outer plexiform layer ([Figure 3E and F](#f3-tcrm-11-683){ref-type="fig"}). EDI-OCT revealed choroidal thickness of 297 µm in the right eye and 399 µm in the left eye. Four months after presentation, BCVA was 20/20 in both eyes. Fundus examination revealed retinal hemorrhages ([Figure 4A and B](#f4-tcrm-11-683){ref-type="fig"}) and FFA revealed that microaneurysms ([Figure 4C and D](#f4-tcrm-11-683){ref-type="fig"}) had completely resolved. Fundus autofluorescence revealed that the appearance of hyperautofluorescent yellow deposits had decreased in the macula ([Figure 4E and F](#f4-tcrm-11-683){ref-type="fig"}). SD-OCT revealed central macular thickness to be 271 µm in the right eye and 231 µm in the left eye, and complete resolution of serous macular detachment in both eyes. EDI-OCT revealed choroidal thickness to be 301 µm in the right eye and 350 µm in the left eye. The final blood tests results were HGB level 10.9 g/dL, HCT level 30.9%, WBC 5.0×10^3^/mm^3^, CRP level 3.45 mg/L, PLT count 130.0×10^3^/mm^3^, and IgG level 4,310 mg/dL. The patient was followed up by both the hematology and eye clinics.

Conclusion
==========

Multiple myeloma is a hematologic malignancy caused by infiltration of bone marrow by bone marrow-derived plasma cells followed by the production of monoclonal Ig by these cells.[@b1-tcrm-11-683] Symptomatic hyperviscosity is observed in 2%--6% of patients with multiple myeloma.[@b6-tcrm-11-683]

Serous macular detachment with or without yellow deposits has been reported in a number of immunogammopathies.[@b3-tcrm-11-683] Multiple etiologies are associated with acquired yellow deposits, including conventional drusen, subretinal drusenoid deposits, cuticular drusen, some retinal dystrophies, tractional maculopathies,[@b7-tcrm-11-683] and central serous chorioretinopathy. Yellow macular deposits are usually hyperautofluorescent and relatively homogeneous, depending on their etiology. These deposits consist of debris containing lipofuscin, melanolipofuscin granules in macrophages, and extracellular material derived from photoreceptor outer segment discs that accumulate in the subretinal space from retinal pigment epithelium (RPE) dysfunction.[@b8-tcrm-11-683] The angiographically "silent macula" has been recognized as a hallmark of immunogammopathy-induced serous macular detachment. While angiographic leakage is usually not visible in patients with immunogammopathy-induced serous macular detachment,[@b3-tcrm-11-683] many other causes of serous macular detachment, such as central serous retinopathy, exudative age-related macular degeneration, hypertensive vascular disease, and infectious and inflammatory choroidopathy, demonstrate angiographic leakage. Ig accumulation in the subretinal space increases the oncotic pressure, while fluid accumulation in the subretinal area separates the RPE from the photoreceptors. This process leads outer segments containing fluorophores (A2E) to shed and accumulate in the subretinal space, resulting in the hyperautofluorescent signal present on fundus autofluorescence.[@b5-tcrm-11-683]

Using SD-OCT in a patient with multiple myeloma, Priluck et al were the first to detect Roth spots in the outer plexiform layer of the retina.[@b9-tcrm-11-683] In our study, one of the very few studies that detected Roth spots by SD-OCT, SD-OCT revealed the presence of cysts in the outer plexiform layer at presentation. The SD-OCT also identified prominent MLM, which has not been reported before in multiple myeloma. Based on our literature review, this is the first description of prominent MLM as visualized by SD-OCT. A prominent MLM sign is a useful indicator of acute ischemic retinal damage.[@b10-tcrm-11-683] MLM has been identified by histologists but in actuality are not true membranes, they are only junctional systems. The inner third of the outer plexiform layer has a linear density where synaptic and desmosomal connections occur between the photoreceptor inner fibers and the processes of the bipolar cells. This linear density, which is also apparent with SD-OCT, is the junctional system that has been called the MLM, which tends to restrict the passage of fluids and exudates. The inner portion of the outer plexiform layer is also thought to landmark the outermost territory that normal retinal circulation can supply.[@b11-tcrm-11-683] A "prominent MLM sign" (a novel OCT finding for detecting retinal ischemia) has value especially for detecting vague acute ischemic changes.[@b10-tcrm-11-683] A prominent MLM in OCT was defined as a hyperreflective line located in the inner part of the outer plexiform layer.[@b12-tcrm-11-683] Electron microscopic study of experimental embolization of retinal vessels showed marked cytoplasmic swelling of bipolar cells sparing the rod and cone pedicles.[@b13-tcrm-11-683] Chu et al believe that the cytoplasmic swelling of these synaptic portions of the outer plexiform layer results in a hyperreflective line. The SD-OCT shows clearer distinction between ischemic and perfused areas. Detection of in vivo ischemic changes in occlusive retinal vascular disease may provide objective information in addition to fundus finding or invasive angiography.[@b10-tcrm-11-683] To date, two cases of serous retinal detachment with subretinal deposits have been reported in patients with multiple myeloma.[@b3-tcrm-11-683],[@b4-tcrm-11-683] Rusu et al reported acquired vitelliform macular detachment in three multiple myeloma patients.[@b5-tcrm-11-683] In our case, hyperviscosity retinopathy, prominent MLM, yellow macular deposits with serous macular detachment, and cysts in the outer plexiform layer were observed. FFA, SD-OCT, and fundus autofluorescence revealed rapid improvement in the retinal findings, visual acuity, and systemic symptoms with early diagnosis and treatment of multiple myeloma.

Eye symptoms and signs may be the earliest indications of multiple myeloma. If systemic treatment of multiple myeloma is not initiated early, retinal disease progresses and damage to pigment epithelium and likely to photoreceptor cells occurs with subsequent visual loss. Moreover, multiple myeloma and Waldenstrom's macroglobulinemia should be considered in the differential diagnosis of pseudovitelliform lesions, prominent MLM, and serous macular detachment.[@b5-tcrm-11-683],[@b14-tcrm-11-683] In all patients diagnosed with multiple myeloma, routine ophthalmologic examination should be performed to detect ocular complications that may be the first signs of systemic disease.
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![At presentation, BCVA of a 52-year-old male patient with multiple myeloma was 20/50 in the right eye and 20/800 in the left eye.\
**Notes:** (**A** and **B**) Color fundus image showed scattered flame-shaped hemorrhages, Roth spots, and serous macular detachment in both eyes. (**C** and **D**) FFA revealed scattered microaneurysms and hypofluorescent areas, but no macula leakage. (**E** and **F**) OCT revealed bilateral serous macular detachment, prominent middle limiting membrane (yellow arrow), and cysts in the outer plexiform layer of the left eye (white arrow).\
**Abbreviations:** BCVA, best-corrected visual acuity; FFA, fundus fluorescein angiography; OCT, optical coherence tomography.](tcrm-11-683Fig1){#f1-tcrm-11-683}

![One month after presentation, BCVA was 20/32 in the right eye and 20/100 in the left eye.\
**Notes:** (**A** and **B**) Color fundus image showed retinal hemorrhages, Roth spots, and yellow macular deposits. (**C** and **D**) Fluorescein angiography showed a reduction in microaneurysms. (**E** and **F**) SD-OCT showed a decrease in serous macular detachment in both eyes, and subretinal hyperreflective deposits. (**G** and **H**) Fundus autofluorescence showed hyperautofluorescent macular deposits.\
**Abbreviations:** BCVA, best-corrected visual acuity; SD-OCT, spectral-domain optical coherence tomography.](tcrm-11-683Fig2){#f2-tcrm-11-683}

![Two months after presentation, BCVA was 20/20 in the right eye and 20/32 in the left eye.\
**Notes:** (**A** and **B**) Color fundus image showed complete resolution of retinal hemorrhages and Roth spots and decrease in yellow macular deposits. (**C** and **D**) FA showed complete resolution of microaneurysms. (**E** and **F**) SD-OCT showed subretinal hyperreflective deposits and left serous macular detachment.\
**Abbreviations:** BCVA, best-corrected visual acuity; FA, fundus autofluorescence; SD-OCT, spectral-domain optical coherence tomography.](tcrm-11-683Fig3){#f3-tcrm-11-683}

![Four months after presentation, BCVA was 20/20 in both eyes.\
**Notes:** (**A** and **B**) Fundus examination revealed retinal hemorrhages had completely resolved. (**C** and **D**) FA revealed microaneurysms had completely resolved. (**E** and **F**) Fundus autofluorescence showed reduction in hyperautofluorescent macular deposits. (**G** and **H**) SD-OCT revealed complete resolution of serous macular detachment.\
**Abbreviations:** BCVA, best-corrected visual acuity; FA, fundus autofluorescence; SD-OCT, spectral-domain optical coherence tomography.](tcrm-11-683Fig4){#f4-tcrm-11-683}
